The ability of green pea (Pisum sativum var. Alaska) stem sections to elongate in response to H+ has been reinvestigated. Contrary to the conclusions of Barkley and Leopold, (Plant Physiol. 1973. 52: 76-78) these sections elongate in response to H+ whenever H+ entry through the cuticle is facilitated by slits, holes, or removal. Both live and frozen-thawed sections can undergo acid-induced elongation. Green pea stems behave as predicted by the acid-growth theory.
The possibility that H+ is a key intermediate in auxin-induced cell elongation has attracted considerable attention (5, 6, 8, 9, 11) . According to the acid-growth theory (7, 13, 15) auxin stimulates cells to excrete H+ and the resulting increase in wall proton concentration activates cell wall loosening enzymes. If this theory is correct, all tissues which grow in response to auxin should elongate in response to added H+. The most serious objection to the acid-growth theory is the report of Barkley and Leopold (1) that green pea stem sections are insensitive to H+ although they will grow in response to auxin.
We have recently shown (2, 12) that the cuticle is a barrier to entry of H+ into A vena coleoptile tissues. We have therefore tested the possibility that the insensitivity of green pea stem sections to H+ might simply be attributable to an inability of the H+ to penetrate into the tissues. We show here that when entry of H+ is facilitated, green pea stem sections can undergo acid-induced elongation. or disrupted with 4 to 6 shallow longitudinal slits. Extension tests were performed on both live sections and on sections which had been frozen-thawed twice using freon. Epidermal peels were also tested for acid-induced elongation.
MATERIALS AND METHODS
The procedure for measuring elongation was essentially the same as that used by Barkley and Leopold although a different constant recording apparatus was employed (for a description see 14 or 15). When frozen-thawed sections were used, a constant force of 20 g was applied whereas with epidermal peels a force of 7 g was used. The extension of live sections was measured either with no applied force or with a force of about 2 g. This minimal force had no effect on the growth rate but did improve the operation of the apparatus.
Unless otherwise stated, all buffers were 7.5 mm potassium phosphate-citrate buffers. All experiments were carried out at least three times with a minimum of two trials each time. RESULTS 
AND DISCUSSION
Preliminary attempts to reproduce the results of Barkley and Leopold (1) using a lot of Alaska peas obtained from Asgrow Seed Co. were unsuccessful in that the sections always grew in response to added hydrogen ions (data not shown). However, when seeds obtained from C. A. Leopold were used, we were able to confirm that intact green pea stem sections can be obtained which will grow in response to auxin (Table  I) but not to H+ (Fig. 1) . All subsequent experiments employed this latter batch of seeds.
The role of the epidermis and cuticle as a barrier to the penetration of H+ into green pea stem tissues was tested by using peeled sections. In this case both auxin (Table 1) and H+ ( Fig. 1) induced rapid elongation. The epidermal strips removed in the peeling also are capable of acid-induced elongation (Fig. 2) . The removal of the epidermis is not required for the acid-response as a pH 3.3 buffer will cause live, unpeeled sections to elongate rapidly if the epidermis is simply pierced by either shallow slits or a series of minute holes (Fig. 3) .
In contrast to the report of Barkley and Leopold, in our experience intact frozen-thawed sections often show a slight elongation response to H+ (Fig. 4) . But when the entry of H+ is facilitated by the removal of the epidermis, the response is greatly increased. The magnitude of the elongation response is a function of the H+ concentration (Table II) .
Our results indicate that green pea stem tissues are similar to etiolated pea stem sections (4) in that they are capable of elongating in response to H+ as long as the H+ can enter the tissue. The entry of exogenous H+ can apparently be a problem because of impermeability of the cuticle to H+. In the peas used by Barkley and Leopold, but not in our Asgrow peas, the CLELAND AND RAYLE cuticle must be such an effective barrier to H+ that a growthpromoting pH cannot be achieved within the tissue. The differences in to5 for water equilibration reported for different batches of pea sections (3, 10) suggests that different lots of Acid-growth response of green pea stem tissues. Live sections, intact or peeled, were placed in constant recording apparatus in 10 mM potassium phosphate-citrate buffer, pH 6.2. At arrow, buffer changed to 10 mm potassium phosphate-citrate, at pH 3.3. 
